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Introduction
The genus Euscorpius Thorell, 1876 is one of the most studied groups of scorpions. It is very common in southern Europe and Anatolia, and its species occupy diverse habitats from the sea level up to over 2,700 m a.s.l. (Tropea et al., 2015b ; data published herein). Taxonomy of this genus is complicated and still unresolved throughout its range. In the last years our group has been intensively studying the genus Euscorpius in Turkey, resulting in a significant increase of the number of species in this country. Since 2012 the number of Turkish species have increased from 2 to 15, not including the new species described here Tropea et al., 2012 Tropea et al., , 2014a Tropea et al., , 2015b Tropea et al., , 2016a Tropea et al., , 2016b . In addition, recently Fet et al. (2016) published a phylogeny of populations related to the subgenus Alpiscorpius Gantenbein et al. (1999) in Turkey. In this paper, as part of an ongoing study of the genus Euscorpius in Turkey, we describe two new Euscorpius species, E. hakani sp. n. and E. aladaglarensis sp. n., based on morphological ratio and trichobothrial data. This increases to 17 the number of Euscorpius species currently recognized in Turkey, of which 10 are related to the subgenus Alpiscorpius.
Material and Methods
The trichobothrial notation follows Vachon (1974) . Morphological measurements are given in millimetres (mm) following Tropea et al. (2014a) but we use Wchel = Wchel-A. Morphological nomenclature follows Stahnke (1971) , Hjelle (1990) , and Sissom (1990) ; the chela carinae and denticle configuration follows Soleglad & Sissom (2001) but we united ID+IAD; and sternum terminology follows Soleglad & Fet (2003) . The map was generated using Earth Explorer 6.1.
Abbreviations
Dp: pectinal teeth number; Wchel: chela width (=Wchel-A of Tropea et al. 2014a) ; CarA/CarP %: average ratio of distances from centre of median eyes to anterior and posterior margins of the carapace; DPS: dorsal patellar spur; imm.: immature specimen (in any stage of development).
Depositories: AZMM, Alaşehir Zoological Museum, Celal Bayar University, Alaşehir, Manisa, Turkey; GTC, personal collection of Gioele Tropea, Rome, Italy.
Material Studied
A detailed list of the material with label data is provided below under each species. Further specimens examined for comparison are listed below:
E. arikani: Turkey, Antalya Province, Finike District, Alacadag Mt., Eroğlu Hill, 36°26'12''N, 30°02' 22''E, 18 September 2014, leg Geographic range. Southern Turkey: Niğde, Kayseri, and Adana Provinces (Fig. 44) .
Etymology. The specific epithet is derived from the name of Aladağlar Mountains, a mountain range in Niğde, Kayseri, and Adana Provinces.
Diagnosis.
A medium-small Euscorpius species, total length 27-33 mm. Color of adults is light brown to medium brown-reddish without dark marbling on chelicerae. The number of trichobothria on the pedipalp manus ventral surface is 4 (V1-3+Et 1 ). Trichobothrium et on fixed finger is located distally to the notch of the fixed finger, est is located distally the centre of the notch, and dsb is located proximally to est and the notch. The number of trichobothria on the pedipalp patella ventral surface most is 7 (6-8). The number of trichobothria on pedipalp patella external surface most is: eb = 4, eba = 4, esb = 2, em = 4, est = 4, et = 6 (5-7). Trichobothrium i of the femur is slightly distal to d. The pectinal teeth number in males usually is 8, and in females usually 7. Carina V1follows an oblique direction toward the inside of the trichobothrium Et 1 . Dorsal patellar spur well-developed. Metasoma segment V from almost smooth to with a few small spaced granule, mostly ventrolaterally.
Trichobothrial and pectinal teeth count variation
The variation observed in 56 examined specimens (24 ♂ and 32 ♀) is given below.
Pectinal teeth in males (n=24): 7/7 (1), 7/8 (1), 8/8 (19) , 8/9 (1), 9/8 (1), 9/9 (1); in total, 7 in 6.25 % (3), 8 in 85.42 % (41), 9 in 8.33 % (4) and 10 in 2.08 % (1/24); mean = 8.06, SD = 0.47.
Pectinal teeth in females (n=32): 6/6 (1), 6/7 (3), 7/6 (2), 7/7 (24), 7/8 (1), 8/7 (1); in total, 6 in 15.6 % (7), 7 in 85.94 % (55) and 8 in 3.12 % (2); mean = 6.92, SD = 0.37.
Pedipalp patella trichobothria Pv (n=56): 6/6 (3), 6/7 (1), 7/6 (3), ?/7 (1), 7/7 (44), 7/8 (4); in total, 6 in 8.93 % (10), 7 in 86.61 % (97) and 8 in 3.57 % (4); mean = 6.95, SD = 0.35. Pedipalp patella trichobothria Pe (n=56): et = 5/5 (8), 5/6 (3), 6/5 (5), 6/6 (37), 6/7 (1), 7/6 (2); in total, 5 in 21.43 % (24), 6 in 75.9 % (85) and 7 in 2.68 % (3); mean = 5.81, SD = 0.45; em = 2/4 (1), 4/3 (2), 4/4 (53); in total, 4 in 98.21 % (109); mean = 3.96, SD = 0.23; est = 3/4 (2), 4/3 (2), 4/4 (52); esb = 2/2 (56); eb a = 4/4 (56); eb = 4/4 (56).
Description holotype
Coloration. Entire body light brownish colored with carapace and pedipalps darker, light brownish/reddish; sternites and pectines and genital operculum very light brownish/ivory; chelicerae very light yellowish without marbling; telson yellowish with dark reddish aculeus tip; legs yellowish; all pedipalp carinae darker, dark brown to blackish colored.
Carapace. A more or less homogeneous size granulation is present; anterior edge straight; posterior lateral, posterior median, and anterior median furrows are present; two pairs of lateral eyes, and a pair of median eyes, situated distally of the middle; distance from centre of median eyes to anterior margin is 41.93 % of carapace length.
Mesosoma. Tergites very finely granulated; sternites glossy and from smooth to punctated. Small spiracles inclined about 45° downward towards outside.
Metasoma. Dorsal carinae on the segments I-IV with spaced, little pronounced granules; ventrolateral carinae on the segment I absent, on the segments I-IV absent or obsolete; ventromedian carina absent on the segments I-IV; on segment V small spaced granules are present on ventrolateral carinae; barely visible ventromedian carina, formed by a slight angularity and a few small spaced granules; dorsal intercarinal spaces with a very fine granulation, smooth or almost smooth on the ventral and lateral surface.
Telson. Vesicle smooth, with ventral setae of different size, especially near the vesicle/aculeus juncture.
Pectines. Teeth number 8/8; middle lamellae number 4 or 5/4 or 5; several microsetae on proximal area of teeth, marginal lamellae, middle lamellae and fulcra.
Genital operculum. The genital operculum is formed by two longitudinally separated subtriangular sclerites; genital papillae protruding; a few microsetae are present.
Sternum. Pentagonal shape, type 2; more or less as long as wide, with a deep posterior emargination.
Pedipalps. Coxa and trochanter with tuberculated carinae. Femur: dorsal internal and ventral internal carinae tuberculated; dorsal external carinae formed by spaced tubercles; irregular ventral external carinae formed by tubercles of increasing size from distal to proximal area just on half of femur length; external median carinae well formed by serrated tubercle just on half of femur length; anterior median adjacent to ventral internal carinae, formed by conical and spaced tubercles of variable size; dorsal and ventral intercarinal spaces with granule of variable size. Patella: dorsal and ventral internal carinae formed by low and irregular granules and tubercles; dorsal external carinae rough and dark and well formed almost in all its long, it becomes thinner and less dark towards the proximal part up until reaching the clear base color; ventral external carinae from crenulated to rough; intercarinal surfaces with fine granules. Dorsal patellar spur well developed. Chelal carina D1 is distinct, strong, dark and smooth; D4 is rounded and smooth; V1 is distinct, strong, dark and smooth with a few tubercles proximally, following an oblique direction toward the inside of the trichobothrium Et1; V3 rounded, dark and smooth; external carina from granulated to rough; intercarinal tegument with granules positioned so as to form a reticulation; the fixed finger with notch, and movable finger with lobe distal compared to the centre of the notch of the fixed finger.
Finger dentition. In the most distal part is present a DD on the tip; MD is formed by very small denticles closely spaced forming a more or less straight line, discontinued at each 6-8 denticles at level of the OD; fixed finger has 6 OD and 11 ID; movable finger has 7 OD and 14 ID.
Trichobothria. Chela: trichobothria on the pedipalp manus ventral surface V = 3/3 (V 1-3 ) + Et 1 = 1/1; trichobothrium V 4 situated on the external surface of the chela near to the carina V 1 ; trichobothrium on fixed finger est situated in distal half of the notch of the fixed finger; et-est/est-dsb trichobothrial ratio different from right and left chelae with 1.82 to right and 1.38 to left. Patella ventral (Pv): 7/7. Patella external (Pe): et = 6-6, est = 4/4, em = 4/4, esb = 2/2, eba = 4/4, eb = 4/4. Femur: trichobothrium d is slightly proximal to i, while trichobothrium e is distal to both d and i, and situated on dorsal external carina.
Legs. With two pedal spurs; no tarsal spur; ventral row of tarsus III with a total of 10/10 spinules, of increasing size from proximal to distal, ending with both decentralized spinule and with a pair to form a "Y"; 3 main flanking tarsal setae present. Granulation well present on ventral and dorsal surface of all leg femora, it is mostly marked and dark ventrally.
Chelicerae. Typical of the genus Euscorpius.
Ecological notes
E. aladaglarensis sp. n. specimens were found in cool habitats at high altitude, from 2000 m to 2717 m, becoming the Euscorpius species founds to the high altitude. The locality in the Aladağlar Mountains is characterized by scattered thorny bush vegetation adapted to cold environment and grasses (Fig. 21 ). Specimens were collected at the day time under stones. Three specimens were collected very close to patches of snow next to a cairn (Fig. 22) .
Distinction of E. aladaglarensis sp. n. from other Turkish Euscorpius species
In Turkey there are sixteen species of the genus Euscorpius (not including E. aladaglarensis sp. n.), all morphologically and/or geographically well distinguishable from E. aladaglarensis sp. n.
E. aladaglarensis sp. n. has the trichobothrial series V = 3, which easily distinguishes it from E. italicus, and the series on the pedipalp patella external surface em = 4, that distinguishes it from the phylogenetically related species, which usually have em = 3. E. aladaglarensis can be easily distinguished from the, phylogenetically distant, other species with the series trichobothrial em = 4, mainly and easily, for the carina V1; in E. aladaglarensis sp. n. it follows an oblique direction toward the inside of the trichobothrium Et1, while in the other species with em = 4, this carina follows a direction toward the external of the trichobothrium Et1.
The species phylogenetically, morphologically and geographically closest to E. aladaglarensis is E. ciliciensis. These two species are mainly distinguishable by a different number of trichobothria on the pedipalp patella external surface series et and em; E. aladaglarensis has et = 6 (in 76% of pedipalps examined) and em = 4 (in 97.3% of pedipalps examined), while E. ciliciensis has et = 5 (in 87.5 of pedipalps examined by Tropea et al., 2015b) and em = 3 (in 100% of pedipalps examined by Tropea et al., 2015b) . Geographic range. Southwestern Turkey, Denizli Province (Fig. 44) .
Subgenus Incertus

Euscorpius hakani
Etymology. The specific epithet honors Dr. Hakan Durmuş, a Turkish herpetologist and a teacher of the second author.
Diagnosis.
A medium-small Euscorpius species, total length 26-31 mm. Color of adults is light brown to medium brown-reddish, without dark marbling on chelicerae. The number of trichobothria on the pedipalp manus ventral surface is 4 (V 1-3 +Et 1 ). Trichobothrium et on fixed finger is located distally to the notch of the fixed finger; est is located proximally or above the notch; and dsb is located proximally to est and the notch. The number of trichobothria on the pedipalp patella ventral surface is usually 7. The number of trichobothria on pedipalp patella external surface usually is: eb = 4, eb a = 4, esb = 2, em = 3, est = 4, et = 5 and 6 (5). Trichobothrium i of the femur is slightly distal or same level of d. The pectinal teeth number in males is usually 8, and in females usually 6 and 7. Dorsal patellar spur barely developed. Femur usually shorter than patella (Lfem/Lpat ratio on average is 0.93). Carapace can be both slightly longer than wide and slightly wider than long. Average ratio Lmet/Wmet > 1.49 (1.51-1.75 with a mean of 1.63). Dorsal metasomal carinae granulated. Ventrolateral and ventromedian carinae on segment V well formed and serrulated.
Trichobothrial and pectinal teeth count variation
The variation observed in 65 examined specimens (20 ♂ and 45 ♀) is given below.
Pectinal teeth in males (n=20): 8/8 (19), 8/9 (1); in total, 8 in 97.5 % (39) and 9 in 2.5 % (1); mean = 8.02, SD = 0.16.
Pectinal teeth in females (n=45): 6/6 (19), 6/7 (6), 7/6 (5), 7/7 (15); in total, 6 in 54.44 % (49) and 7 in 45.56 % (41); mean = 6.45, SD = 0.50.
Pedipalp patella trichobothria Pv (n=65): 4/6 (1), 6/6 (2), 6/7 (2), 7/7 (57), 7/8 (1), 8/8 (2); in total, 4 in 0.77 % (1), 6 in 5.38 % (7), 7 in 89.99 % (117) 
Description holotype
Coloration. Entire body color light brownish with carapace and pedipalps darker, light brownish/reddish; the carapace has a slightly darker marbling; sternites and pectines and genital operculum very light brownish/ivory; chelicerae, telson and legs yellowish without marbling; all pedipalp carinae darker, dark reddish to blackish colored. Carapace. A more or less homogeneous size granulation is present; anterior edge straight; posterior lateral, posterior median, and anterior median furrows are present; two pairs of lateral eyes, and a pair of median eyes, situated distally of the middle; distance from centre of median eyes to anterior margin is 42.13 % of carapace length.
Mesosoma. Tergites granulated; sternites glossy and punctated. Small spiracles inclined about 45° downward towards outside.
Metasoma. Dorsal carinae on segments I-IV granulated; ventrolateral carinae on segment I absent, on segment II obsolete and smooth, on segments III obsolete and almost smooth, on segment IV granulated, on segment V well marked and serrulated; ventromedian carinae absent on segment I-IV, on segment V granulated; ventral intercarinal spaces smooth or almost smooth on surfaces of segments I-III, with a fine granulation on segment IV, granulated with several small granules a few bigger on segment V, finely granulated on lateral and dorsal surfaces.
Telson. Vesicle finely granulated, with ventral setae of different size, especially near the vesicle/aculeus juncture.
Pectines. Teeth number 8/8; middle lamellae number 5/5; several microsetae on proximal area of teeth, marginal lamellae, middle lamellae and fulcra.
Genital operculum. The genital operculum is formed by two longitudinally separated subtriangular sclerites; a few microsetae are present. Sternum. Pentagonal shape, type 2; slightly more wide than long, with a deep posterior emargination.
Pedipalps. Coxa and trochanter with tuberculated carinae. Femur: dorsal internal, ventral internal and dorsal external carinae granulated and tuberculated; irregular ventral external carinae formed by tubercles just in the 1/3 proximal area of the femur length; external median carinae formed by serrulated tubercles in distal 1/2; anterior median carinae adjacent to ventral internal carinae, formed by about eleven conical and spaced tubercles of variable size; intercarinal spaces granulated, with bigger granule on dorsal surface near the carinae. Patella: dorsal and ventral internal carinae granulated, the latter slightly serrulated; dorsal external carinae smooth, dark and well formed almost in all its long, it becomes thinner and less dark towards the proximal part up until reaching the clear base color; ventral external carinae from crenulated with barely visible little pronounced tubercle to rough; intercarinal surfaces finely granulated, especially near the carinae. Dorsal patellar spur barely developed. Chelal carina D 1 is distinct, strong, dark and smooth; D 4 is rounded, rough and little marked; V 1 is distinct, strong, dark and smooth with a few tubercles proximally, following an oblique direction toward the internal of trichobothrium Et 1 ; V 3 is rounded, rough and little marked; external carina with little marked granules and rough; intercarinal tegument with fine granules positioned so as to form a reticulation; the fixed finger with notch and movable finger with lobe well formed.
Finger dentition. in the most distal part is present a DD on the tip; MD is formed by very small denticles closely spaced forming a more or less straight line, discontinued at each 4-6 denticles at level of the OD, in proximal position some MD denticles are overlap forming two lines; fixed finger has 6/6 OD, 10/10 ID; movable finger has 7/7 OD, 13/14 ID.
Trichobothria. Chela: trichobothria on the pedipalp manus ventral surface V = 3/3 (V 1-3 ) + Et 1 = 1/1; trichobothrium V 4 situated on the carina V1 or almost on it; trichobothrium on fixed finger est situated in proximal half of the notch of the fixed finger. Patella: Pv = 7/7; et = 5/5, est = 4/4, em = 3/3, esb = 2/2, eb a = 4/4, eb = 4/4. Femur: trichobothrium d is barely proximal to i, while trichobothrium e is well distal to both d and i, and situated on dorsal surface barely on dorsal external carina. Legs. Two pedal spurs present; no tarsal spur; ventral row of the tarsus of the legs pair III with a total of 15/15 spinules. The spinule are of increasing size from proximal to distal, ending with 2 spinule that form like an "Y"; 3 main flanking tarsal setae present. Tubercles present on ventral and dorsal surface of all leg femora, they are more marked and dark ventrally.
Ecological notes
Some of the specimens were collected near the top of Mt. Eşeler. This area is open and grassy. The rest of the specimens were collected under stones in the black pine forest (Pinus nigra) ( fig. 43 ). Both of these localites are cool and humid.
Distinction of E. hakani sp. n. from the other Turkish Euscorpius species
In Turkey, there are sixteen species of the genus Euscorpius (not including E. hakani sp. n.), all morphologically and/or geographically well distinguishable from E. hakani sp. n.
E. hakani sp. n. has the trichobothrial series V = 3, which easily distinguishes it from E. italicus; the trichobothrial series on the pedipalp patella external surface em = 3 that distinguishes it from E. aladaglarensis sp. n.; and the trichobothrial series em = 3 + the carina V1 that follows an oblique direction toward the inside of the trichobothrium Et1, that distinguishes it from the phylogenetically distant species with em = 4.
E. hakani sp. n. can be easily distinguishes from the others species with em = 3 mainly by the peculiar trichobothrial series Pv = 7; indeed all the others species with em = 3 have Pv < 7, except E. ciliciensis, which has the same trichobothrial count of E. hakani sp. n. However, the latter can be distinguished from E. ciliciensis by (1) the dorsal patellar spur barely developed in E. hakani sp. n. versus a dorsal patellar spur welldeveloped in E. ciliciensis; (2) trichobothrium V 4 situated on the carina V1 or almost on it in E. hakani sp. n. while it is situated on the external surface of the chela not in contact with the carina V1 in E. ciliciensis; (3) E. hakani sp. n. has the metasomal carinae most developed, especially those of the metasomal segment V, which both ventromedian and ventrolateral carinae are well formed and granulated while in E. ciliciensis the metasomal segment V can be smooth, almost smooth, or with a few small spaced granule, mostly ventrolaterally; (4 The species geographically closer to E. hakani sp. n. is E. honazicus. They have very similar and overlapping morphological proportions. However E. hakani sp. n. is on average larger than E. honazicus, with an average of 28.42 and a range of 26-31 vs. a mean of 26.11 and a range of 22-29 respectively. In addition, the metasomal carinae have, especially on the ventral surface of the segments IV and V, often the tubercles more pronounced in E. honazicus. However with the series Pv = 7, E. hakani sp. n. is easily distinguishable from E. honazicus.
Comments
In the last years our group has been intensively studying the genus Euscorpius in Turkey, resulting in a significant increase of the species of this genus in the country. Since 2012, the number of species in Turkey have increased from 2 to 17, including the new species herein described Tropea et al., 2012 Tropea et al., , 2014a Tropea et al., , 2015b Tropea et al., , 2016a Tropea et al., , 2016b .
These species have been found mostly in relatively restricted mountainous areas with the exception of E. mingrelicus, which, at present, has a very extensive distribution when compared to other Turkish species of Euscorpius. Indeed, already Tropea et al. (2015b) recommended further studies, especially genetic. This high degree of speciation in mountainous areas, often with restricted distribution areas, is in agreement with other new species of Euscorpius described in other countries in recent years (see Tropea et al., 2013 Tropea et al., , 2014b Tropea et al., , 2015a Tropea et al., , 2015c .
Our unpublished morphological and molecular data indicate the presence of probable good species from different mountainous areas and that some populations might need to be more thoroughly investigated (Tropea & Yağmur, 2016) . Recently, Fet et al. (2016) presented a phylogeny based on specimens related to subgenus Alpiscorpius, collected in Turkey. Independently, our group also is studying different populations on genetic basis, in addition to the morphological, and the high diversification shown from their data is in accordance with our published, and unpublished, morphological and genetic data.
In this paper we describe two new species, E. hakani sp. n. and E. aladaglarensis sp. n. The latter species was known to us for several years, but we were waiting for additional specimens to get satisfactory statistical sampling and confirmation that the peculiar character combination et = 6 and em = 4 were fixed. For this work, we examined 112 pedipalps, in which et = 6 was present in 76%, and em = 4 in the 97.3%, demonstrating that these characters are hard fixed in this population. The phylogeny of Fet et al. (2016) showed a population from Kayseri Province with the character em = 4, which corresponds to E. aladaglarensis sp. n. According to their phylogeny based on COI marker for this population, it was closely related to E. ciliciensis, as was expected, showing only the 4% of genetic divergence. This level of divergence is not very high for the COI. However, it is noteworthy that E. aladaglarensis sp. n. also is not highly divergent from E. eskisehirensis (4.4%) and E. phrygius ("Euscorpius sp. from Ankara" in Fet et al., 2016; see Tropea et al., 2016a for explanations) (4.8 %). Their phylogenetic tree shows that these species are well separated, with the divergence of lineages between the Pliocene and the Pleistocene. The second new species described herein, E. hakani sp. n., having the trichobothrial series Pv = 7, et = 5, and em = 3, also presents a peculiar trichobothrial pattern, only shared with E. ciliciensis (and some specimens of E. mingrelicus; Tropea, unpublished data). However, the morphology, in accordance with the geographical area, suggests that this species is related to other species with the typical series Pv = 6, as E. arikani and E. honazicus. The latter species is geographically the closest, being present on Mt. Honaz but easily distinguishable by the Pv series. Kinzelbach (1975) reports some populations with Pv = 7 from the southwestern Turkey, more precisely from "Acipayam, SSE Denizli", "Honaz Dagi, E Denizli", "Egridir", and "Kokikos bei Kizkale". These locations are the same as cited by Vachon (1951) . He identified them as E. germanus ciliciensis in the map, but in the text he stated that they could be a variety of this subspecies, or a new form. It should be noted that Vachon did not list the number of trichobothria of these specimens. In addition, the specimens from Mt. Honaz (E. honazicus) have Pv=6, as do all the populations in the neighbourhood, except E. hakani sp. n. Therefore, a probably explanation for the Kinzelbach's data could be that he erroneously assumed a priori that these specimens have Pv = 7 since they were identified by Vachon as E. g. ciliciensis; therefore actually this is the first time that this population is signalled.
Additional specimens as well as both morphological and genetic studies are needed to better understand the true diversity and relationships of these species, as well of the others of the genus Euscorpius in Turkey. Within the frame of a well informed morphological and molecular phylogeny approach, it is very likely that the number of species will increase.
